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DC BRUSHLESS MOTOR AND CONTROLLER 



Abstract: 

Abstract of JP8331823 

PURPOSE: To further expand the operating range of a DC brushless motor 
using a rotor provided with permanent magnets for field at a continuous rated 
current. CONSTITUTION: A DC brushless motor is constituted of an armature 31 
and rotor 32. The rotor 32 is provided with a rotor yoke having four main poles 
321 on its outer periphery. In each main pole 321 of the rotor yoke, a slot 322 
having a diametral s ze of Lm is formed and a permanent magnet 323 for field 
having a thickness of nearly Lm is buried in each slot 322. The size Lm and the 
length Lg of the air gap between the rotor 32 and armature 31 are decided so 
that they can meet a relation, 0<Lm+Lg<=2mm. 
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[0071] Wc^-f ibf^ta b 2: 4 i-H 

C£{J£i\ H*Lftt^iaB£1S«ilS©2fl5©*Sii* 

fttf 2 «©««£ d Nfcftl" c £ t> T* * So 
[0 0 7 2] tit. H^L&^tf&f^&ftffiTaXlE 



[0 0 7 3] fflMRttfcfc^r*S^**Ttf*c 
[0 0 7 4] ttc, ?e>fCi He ©iU^j&Efcffifflttt 

[0075] $/-c, H7*^tt» ^n^n©i()fMT'© 

«*?B(S©W'>*t4 0. 5 8£fttf£ 
20 ft, «H/2©S©W«A^r**Si:i:^t>fr5. 
[0 0 7 6] XtC % «$?3 1 fc^tflHlfs^S 2©§^i 
©SSttfc^TIIWl**. X7^fy 7MLgli, ft 
»F 3 1 , His? 3 2<D3taX»fifc, 11^3 1 , ®ft 

=F3 2<ofsiz&tic^ox»mt^ mmt. «s, fin 

X©/^77**ftl?|cLT0. 3 5-0. 7agKfCfi£ 
t5t)\ 0. 2imgfi*T-(4S^©«l«T'SSt'J^< 

[0 0 7 7] XD'yh 3 2 2©&#l6praLmli, $5 

©««BfiK*J;tfKE©i(«IBIlifc*»*Tifcet*^ 

30 

[0 0 7 8] tfEtottttftfttt, «atal±*5<fctf«5 

l/cn d - f e - Bmm±mm&tmmmm$> 

9, *©J?Stt, IftO. 8mmg 

m£££tZo P r - F e - B©SKi • ESi#±$$ 

[0 0 7 9] *fc, H7fc**J:$lc, 8ffi©MMf? 
©ffifrStt, *©J¥5*55fc»<t5»^T*t«. 
40 [0 0 8 0] bT, x7^>>y7SL g©*/JMlO. 
2mm£:, 7D>y h 3 2 2©M£|6nfi£Lm©it/hfgO. 

[00 8 1 ] fcT, XD7 F 3 2 2©&#finfi*Lm 
x7#-Fy7MLgt©ra&tf, 0. 3mm^Lm+ 

Lg^2«B*S8JE-rsj:9fi^nr^*©^j;*)»* 

K, 0. 3mm^Lm+Lg^l. 3mm£}$£-f S£? 
f^Sft?^*©*<SSfcfif$U\, 
[0 0 8 2] CCT*, fiae/P^%l. 7mm, X7*> y 
50 71^:0. 3mm{C^Lfc:*^2© ; e-^ (Lm+L 



(8) 



^8-331823 



13 



g = 2mm) x-it. Bu&L/c<fc9fc. = oiw-e©! 

[0083] <toT> 0. 3mra^Lm+Lg^2mm£St 

fro, i§3iit^2w±(£Tf , -f&fr$, 

SjfiT©iI3£[slfei&ieB£ 2 {gJ^±(ct£*f 3 C fcfr? 
[0 0 8 4] Jg2Jt* < 2W±T'*tltf, BUAtf, 10 

[0 0 8 5] flffig#*lMK 17^7^1* 

0. 3min{C^L/c*^l©t-^ (Lm+Lg = 

1. 3 mm) f^L/c^IC, Hi£Jtfr"4T*&9, 

[0086] ioT, 0. 3mm^Lm+Lg^l. 3mm 

mmmvmmmmm* 4 «e«±icife*-r* c * 

[0 0 8 7] «3ajt*<4W±T'*ntf, 0J*.tf> «MX 

[0 0 8 8] Kfc, «5©«KfcoV>TH7*ffllf*Ttt 
[0 0 8 9] 08 fc, d$flfc^ift£fit2&^it&£, 2 30 

££«««t* d mm i xmms*. msvwsn 

l!Wlc^tfc*«iflK:*»J*IH^*^JK53 2 3 
tt, €-*tt/jGi*rBSJ&«frmj& (£JB) ©«>©T*fc 

tux-vim. tr£t>%m^W]fax<»&w**-$o 

[0 0 9 0] C©^7fr<=>, 8ffi©*§7j«Sl5©3lffi 

©BSfcftftJStfSCfctfg* U\, 
[009 1] *»W 1 ©fNKJB*fcW5 3 2 3 ©l*£ 

lmmT'&9, «5#{fr?©/<-57:/Xtt, 0. 0 
6 fc#ffM^fci&*«fc:U: 3 0 k 0 e W±©«IW>< 

0<Lm+L g^2 XD/5 1 
0<Lm+Lg^ 1. 3XD/5 1 
Lm+Lg>2xD/5 lT*&5i:, ifj§l£fr'h2<, 
*-*©WE«Bltf!to\ 50 
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[0 0 9 2] <toT, IWKJH*&«53 2 3£I§]ij£?3 

— ^o^fis^3 2 1 Kgi&&^-eaaisii&*flWtLfc& 

fc*«*5©fr*a3:U^ CO<fe9»cfflKffl*^JK53 
2 3£±{K@3 2 1 fcg*i&^£«irc««*fT9 C t 

fr[?l±-f§©T*ii8&frS^&D, cnfc«fc9€-*£ 
H4frfpj±U *r»«j|ift*il4a«*«j:fc3»«T 

±««3 2 1 Kfi*ii**o-e, «mk?i^©»»%s 

[0 0 9 3] COiB. W*.(f, ®jfc : ?3 2©flEk:* 
«3-**EBU x7*Vy7§£0. ImmgJttcS 
Ofc/<- = 7>Xfr6liU:fc:±#U 2 0k0egg© 

[0 0 9 4] $/c, IHKffl*^«53 2 3 0»«ffl3>r 
*fcLTWS?3 l©«I?#**m tftt)^, « 
$73 l£*«3-*fcLTffl^*©**iif3:U\, 
?3 l**«3-*£LTfflv^5i:, ^-57>xii 
3. 4gSfc4S*<, Sffl»«3-**ffl^fc*£fcH 
% 2 0kOe<D«W"P*«*^"e*So C©*^ 

[0 0 9 5] £C3T\ DC7yi/\sXZ-2<Dtiil3* 

¥3 2<D9k*m UtKSMi D£*£< (H2# 
m , fro, {&ffit£tgjta «%tt%ft«i«lnS 
«tt?^ft©i|jtafcJ:3tttt&KrJl:-r 

sfcftt, «E©jps**t<LT/<-57>:**B< 

[0 0 9 6] DCyyi/lsXZ-ZO&tlZ'^ 

fc, @$s?3 2©ft*WID£vh£<, «E©J?£*/h 

[0 0 9 7] C©«fc9lC, @$5?3 2©l*y1-@D£:, 
fiSS©if$ (XO-y h 3 2 2©g^|nl^ffiLm) +X7 

^> -y 7i l g , mi? 3 2 ©g^:^ ut.m 
&©JP££ttiE©fINHflte&«. 
[0 0 9 8] ioT, Xa>yh3 2 2©g/3[p]^?£Lm 
x7*>-y7MLgi:, 3 2©l^:WIDi: 
©M^ (Lm+Lgi:, D£©M&) frTI2 (OS* 
»St5«t3t»^«n. »$L<ti, TIB^ (2) S 

[0099] 

• • • (1) 
• • • (2) 

[0 10 0] Lm+Lg©TPifilti> wiftbrcZ 

oicm±v>Mmfrt>, o. 3mnmmu>\ * 



(9) ^¥8-3 3 1 8 2 3 

15 16 
ftfcS, iOtfSlXfi, Lmt, Lgt, Dt<Dffi& *LO±, TfB^ (4) 5£*SiJl1-3<fc5fc8£;£n3. 
#T!B (3) 5K*SIJe**J:$fcS£StU S5fc#3:* [0 l 0 l ] 

0. 3mii<Lm+L g^2 XD/5 l ••• (3) 

0. 3n<Lm+Lg^l. 3XD/51 • • • (4) 



*t$J£©t>©£RS£2*v^ £©(& IH*fcf» 09fc 
0©lo&t{cXD>y K9tfJM 

[0 l 0 2] COi^tC, £ttff I 0©lO*5t£W«8 

5<fc5^^ns, fiu coii^(c(i, eke? a-* 

©Xo-y h 9©S;Wm (ii5/»?^|p]©\ra) © 1 
/2£Lm£-f3o 

[0103] ^mmu&^micD^rmm^m 

[0 10 4] m&CTTst&olc, MffllkWtDJy^-'? 

[0105] ®&?mtkm&4it. ma, u-$ 



&m&6 1 t?a 
[0106] «8Sfi^fi^jsaJ6 2ti, iig^ffia)* 

E-{^©if^fi*mtiU 3 4B«M? WKtt i u , i 

[0 10 7] «»l8PgP6 3tt, 3tim«?€flStii^fiS 
iu\ iv\ iw'(c*tLT, V»tttH$gt5^&©tttH 

[0 10 8] C©«^ «}JitSiJ@pg|56 3T'tt, 0 1 He 

[0 10 9] «*tf, 0 1 1 4\ ®aa^tt*i!Sffi I mr 
©dtt, qttl£#T&5 U , i* T*H*nTl^R9Il 
©KB. ® i ^ oypmt* U ©iI«T?H$ft*«BI 

(dtt£ffii< fflK%mx.%\,Wffl , , i 

T'ffl£ft£RSI©SBfflT'jI&*ft££5raiEU « 

Inr©2~4fifgg'P*-5. B<iiB®©$BH£ 
8*&Kir?©SHE (©, ®©Sfe) H\ it«WJ@i>«F 

[0 1 1 0] 0 1 1 4», l«£tt«8S« I mr©dHiU q 
lAfiSt^T'*^ i , r , i * "T?H*nr^«P3§Bl©«SHr*iI 



10 



um 5 t^t ^-^aj^&ftm a i i © i , id, 

T*H$nfcR±©il»*fcHS. 
[Ollllife, i^. <DP]^t, i*©iIJilT*H$ 

[0 112]$fc, iqra, . Ua. ?H$ft -5 R§ll©IB 

[0 113]**, *IUS«lTH:@ite?fi[@«tU¥S4 
[0 114] (Mm®\2) 01 2, 01 3feJ:t>*01 4 

a, *n€n* *^©DC77i/b7.t-^©iii^? 

©ffi©l^J^t¥ffi0Tfe§ o 4*5, DC 75*>U 

[0 1 1 5] 01 2tC^t«fcdtC, C©DC7*7'>U7 > 
€-*©Sli?tt, ^«»fc2O0± (*WJT*tt4 
O) ©±«g7*W-r5lHl« : f3-^*{ix.T^5. C 

30 ©@$^3-^ «i?n/*ciiatt©aMs (^sis) 

[0 116] l!llK?3-*©#±flffl7lCtt, 
n, XP>yh7 l«?tltl>5„ ^ LT> #XD>y 

[0 117] E«eF3-^©Bfflrt-*±««7fc±«S 

tcti, m^M? (-«©S?) ©x7*>-y7°A«^ 
40 tlTV^So 

[0 118] CtlBHIMl$S8tt« @e?3-*©@lR 

[0 119] C©«^, Maft^ffi8©5t4jSSPfc» 

©*a«fc£«'hffifcei&*ci:tfT£5, ifc MM 
50 [0 12 0] §HKj^8tt, flMfrffcO, ^©Kfrffit 



(10) 



8-3 3 18 2 3 



17 



18 



[0 12 1] Sfc, Eg^a-*©®^©^^?, 
?*@IE?Ai:r*. 

[0 1 2 2] SI 3lC7jVf<k5fC, C©DC77'>UZ 

[0 12 3] mm8&, «t|S)otf 10 

£&8f4, ^©^^affi^cJt^^oT^S. 4 

[0 1 2 4] 0 1 4(C^-f <fc 9 C©DC7^>b7s 
€-*©@Ik?U\ ffifl&^8©J&tf©#tfflii2Lfcia 

[0 12 5] ffi«]^8(i, »|S]9Tf 
!&£«8©5fc«gfl©l£ffDtf*£v\, C©EWE^ 20 

[o 1 2 6] xmmzzmmicmwtZo 

[0 12 7] 
[»5] 



[0 12 8] CCT\ a5©feia^l«(i» #«ffl7*& 

X<k 0 t>**^2»£ffitt#rr S D C 753/ ux*-* 
©h/l^ti, «IB2ffl»!>h/l>*©£lST?*<&. ffii 
d, i q(4, 
[0 12 9] 

B&6] 



sin^ 
cos<p 



I. 



30 



40 



[0 13 0] a6©0(i, q*fr5©S8S 
[0 13 1] #*S(50jT*t4, W±©lD±8tffiiaK 

[0 1 3 2] 11 5fc*£jfiW©DC75$'l'X€-* 

(bie?a, b, o m$.tzb>it<D¥m§t, tag 50 



tU 8 A©«R?«ire©**h;l>**SLT^S. 
[0 13 3] fflf^ti^C MM$S8«fi^«C 

ttx S1^11ifc{f£$P>£€5chtf^.S 0 c©« 

W*tf, 3 5 0 0 r pmT'tt, *-*flWW 1 %g 
SLhffU 1 000 r pmT-ti, t-*»W2%e* 

[0 1 3 4] 01 5T-iih;l/*©TOI*/i*Lifcrt\ & 
K, 01 6fc, 01 2-01 4fc*tlsHE ; PA~C*S 

* « * ©a&t * wh * * * 

[o 1 35] 01 6tt, m%ftx9om mmx4 5 

[0 13 6] WHK:***}^ (eIIe 1 ? A©h;l/^©li 
S)tflt&*t<, 0^B, @^Ctifr^h;b^©M 

®<E?A*Dfcl3|£FBtf#*L<, HK^B.tO 

[0 13 7] ^t, HifrF A~CK*tt5±«ffi7 fctt 
«I^ffi8fc©tail8l«*8i^tSo 01 7 {4, 

7, Mtt^8fc<fcth*<:tie»©jfif^^-r¥ffi0T'fe 
[0138] wm^t^^ «w?3-*©#«» 

, fcU 0&?©±fi^57©S?3«g|S 

fr&ttfifr$ff8©ja#fittA (Mtt$ffWflQ $T'©ft 
m&*ytt%>£%. @eFAT*tt, y = 0. + 02 
©HAHc**), @$E?BT*t4> y = 0. + (3/2) x 
02 , Isllte^CT'tt, y = 0. + 2 0 2 ©M{£fc&3o 
[0 13 9] W«h;bf ©«*fflk«/JMil:©**h;l/ 

[0 l 4 0] fflBfc^t.fc'Sfcx y = 0, +0 2 ©£ 

**fe5y#W*?Xn»; h©l ^yf-ftfitP- 
©«££«, h;l/*IW!l&*<*tv\ *LT, y£y = 0 
. +02 <LT^<£h;l^»«i$'>U £ 

e>lCy£*t<LT, y = 0,+2 0 2 ©Hf&lC&Sle] 

•£? c ©«iiT*ffiBft^ffi 8{c<fc§ h >it*sE<Dmtanc 

t5ilt*'T*#5o C©y = 0, +2 0 2 ClltW 

HIS? C ©«£**, It h/U*ia&©/hS^«irc*fc 

[0 1 4 1] 4oT, M^SS^tt-SCtfCfcO, 

t&lcit, 0, , 02 *J:tfy*»» y>0. +02 ©M 
^*8SfitS«fc3 (y«WFXPy h©l Mv+AB. 
«fc»Jt.*t<) KS5n-CS©W$L<, y^0. + 
(3/2) X0 2 ©M«*»JS-r5J;588^*nr^« 
©*U:D#i:L<» y = 0> +2 0 2 ©M«*Slffit* 



(11) 

19 

&o (y#e. +292 imomczz&o) mizzti 

[0 14 2] tfc, ®lfc : ?3-t<D®m®<0$>>b®frt> 

3 - * ©@£N©*&tffr e> ±«ffi 7 ©&Kttg T- 

[0 14 3] MIBttiai^ffi8©3fe4»»*1?Ofi*«, 3 

3-*©®t^©*&-»fr 7 (omm t- 
^a±^7(D«gi?si?oM?(cx7+>yysL g 

[0 l 4 4] fcfc, *?*«fl*«T*'i, 8d8BffiB!i^ff 8©5t 

±fi8"i 7 ©ft»3: T~©g£ £ ISi3:|pHfC^££ttT 

Sli, @g?3-^©0KH!i©^ai5*^±«ffi5t«g» 
ST*©l*«fc9j@<aS?nT^Tt<i:l\ 20 
[0 14 5] H(H5ffil&^ffi8©5tiga5$T?©S«3&lslfte 

? 3 - * ©@IEWi©*& Wfr 5> ±ttffi 7 ©sfeiasass -e© 

[0 1 4 6] 413, *8WTtt, C©H«S«2©«|jS 
fc, flUaL/fcHSISflliJl©«dtfc*ffigf«:ffl*^t)-&Tt. 

[0 14 7] 0*«l«|3) HI 9tt, *58fl©DCy9 

*> l/Xt- * ©@&?©<fe©$$W&^'f ¥ffi0T*& 

3o DCT^^UXt-^OS^^ftjaPfSlI© 30 

mm. mitcmmi m-x&zoxmwzm 

[0 1 4 8] IHPfCTjVtcJ:?';:, ODDCyyi/l/ZZ 
-^©0g?{i, nfl»t20tt± Cfc^flSfllT-tt 4 

o) <o±mmi z*M-$%wfc?i- f 7*.%xx\i^o 
^©sfc^s-^w, «s?nrcsa«i©a« (&i 

[0 14 9] @g^3-^©Si«Sl 2 £12, 
ft, fIfil^Ji£#Lm©7sP<y h 1 2 1 tfJ£l££ftT^ 

*. ^lt, #xn7 n 2 1 tt, ^tmx, wtmi 40 

(£Lm (XO>y h 1 2 1 ©g#|^j£Lmfc«(£|5|--) 

©iswffl*^«E 1 2 2^a46jAsnr^-5 0 

[0 15 0] C©if£, XP<y h 1 2 1 ©Hftlfrtfii L 
m, l7+>7 7gLg, lellte^Og^SDlltt. M 
2l/fe£ttMl fclW"cRj£;3*tr""V*. 

[0 15 1] @g^3-*0B&t"5±»il 2^±® 
Si 2i:©lfflfc-i, HK?3-^©-»*S!liJ**fe*l 
Ki^ffil 3tffM£ft, 1 3t0*L4t^$ 

^©felfcti, 0r£fiS (-£©g£) 0x7^7/ 

flraastrcv*. 50 



^¥8-3 3 1 8 2 3 
20 

[0 15 2] cnettHfr^ffil 3t±. EHfF3-*©S 
eSfi©«^L»Sfr£«-3*Btf (g^TlRl) t^ttS LT^So 

c©«^, mmmi 3<o9tmt. m®\ 2<om 

3©ft»i, 2fre>ft!$-&uLTflM£ft 
[0 l 5 3] £©*!£, fif3-^<DtWX0 7 h 

±mmi 2<D®m& (sasmtm t^mmmi 
3©i77«a? mm$z®&) zxmm&y. @ 

g^3-^©lsIite«i©*iL»»3&»6ttW«t*(aufc*lll!i 
^Hl 3©$feSgPf T*©S?, S(E?3-^©ilfiW© 

[0 15 4] C<DJ:-5(c x *||j6(W©DC^7^l/^€ 
1 2~0l 4(;:^tm0i)2{ct5tt§[H]iE?©1 ; i^i:^ 
[0 15 5] fi£oT, *^)580IJ©DC 77^7^-2 

li, Jtffiffli &<fctfl»j2©DC7^>ixx ; e-^ 
n^n©fij^©fWLT^5o 

[0 15 6] *fcfc>5, #^S£0iJ©DC7^>b7 ; E:- 

#T'«, mtf, a«^«««i-e©ieiHiiK«KH% 2 

[0 1 5 7] 4*5. W-©5Wlffl*^*5©W**J»< 

-«l?«i5f L T'[5is|©ajt)h;l/^^?#§lcti, ^gfiBim 
ffiiS©afii^^«5*ffifflb3S:ltntffte4l^, *^ 

[0 15 8] *58W©DC77'>UX€:-*©ffl^a:^ 

*-9V7hm<omto mm) mmm-zv 

fflk ^^©DC^^^L^X^-^ti, »Jx.tf % OAS 
flk MD©Xtf>K;l/€-^, F A©*-**-^, x 

[0 15 9] W±» ^^©DC^^UX^r-^feJ; 
a»JW»«*, H^©«HSMKS^^TBBflLfe«<, * 
f§W4Cft££|®£2ft.Sfc©T'tJ4l\> 

[0 16 0] fi^J^tf, tu!2^WJT'(i, fflfejA^SHS 
§!©leli5r?**if 5 D C 7*7 i/ ^ TOT Uc 

t\ *mnx&. &wws$i<o®m-*Mt%vz7 ; 7 

[0 1 6 1] Sfe, fusB^Sg^-ti, WiKffl^y\iK5 

©wiijgttttjeigT***^, *5g^T--i, mmm 



(12) 

21 

[0 162] 

«±©<fc3lc, *BW©DC7 , 7S'U* 
[0 16 3] HiUf, x7*>7 7lLg£/J^< U 

[0 16 4] tffc, X7*><y 7SLgk, XP>y h© 

i^isj^Lmi:, ®&?<Dm±ft'm t(omm\ o 

<Lm+Lg^2D/5 1 *HJEt*J:5lte«ft** 

[oi6 5] *«wrftt, mzmwamz 

[0 16 6] $fc, IWItffl*^«5tf±fiB«fc»X«n 20 
E©S«i$©><-^77Xtfiifort3©T\ fftt^SA 

[oi6 7] mmms(om^^)itLrmm 

[oi6 8] m^3~^<Dmm^±mmtmmt 
mic®m?3-?<D~%*%&-$#rM$i®mf$. 30 
(qiiii77(6]t»^^$n) , ^ 

*fc«»?fc©iaicBfitft«©x7^y^3Wg**n 
T^sn^fctt, q ftfM' 7**7 7 yTJ&mtt* c k 

[0 16 9] 3-^©#«»XP«y Miftgft-fc 

02 , tn^a-^oxay usauftSrfae. > hie 

^©±««^6Mtt«»IW*T?©ft«^y^ 40 
y > 0, +02 . «pt, y = 0, +2 02 ©BS^SiJS 

SCktfT'f £©T\ t-^©lHllK*«fc*)Rmt-r«c 

[0170] *5EW©*iiw»fitc«tn(f, WfKffl 

*©14&l*ffiT*tf* c < *-Z*m\Z#Z> c k 
[0ffi©f§j$i&!B$] 

[0 1 ] *8W©D C7yi/l'Z : e-$l3&mm%W 50 



#PffW8-3 3 1 8 2 3 
22 

OflWiW**1"7a -y 70T'£5 O 
[0 2] *^©DC75^U7t-7©^$0|£*"t 
gg]5®rffi0T*£So 

[03] DC79S/l/^€-*©1PWMbtfe««@»«» 

[04] #8^©DC7^UX^-7©tfJ;Wfl!l£ 
*t777T'&-S 0 

[0 5] *«gj2©DC77'7UXt-*©atfjfttt* 
[06] ^^DC^^l/Xt-^OLm + L g 

k, tijiiti:©^^-r^77t ; S5 0 

[07] *Rwtiffl«n**^«E©iiflF*iiiW'r* 

[08] *swt®ffl$n*^«5©«e*ii«*m 

Jgk, «5*i^^T*©fi[Si:©H«*^-r^77T'* 

[0 9 ] *»Wtfc»tS@fi? ©ffl©«HSM**-r¥iii 
0T-&3 O 

[010] *^©»gl©^m^-T7P7 70 

[011] *Bf«fctJtt3Sflit^7 Hl/fliBte**^ 
7T'&£ 0 

[01 2] *l8WK*»t*EM&F©fl!l©«*«l** , n E 
10T*fc£o 

[013] *awt*»t*me?©ffli©«i*M*wt¥ 

[014] *»Wfc*»t*lHWe?©fl!l©«lJ«ffl**f 3 F 
S0T'S§o 
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